Modification of S1 subsite specificity in the cysteine protease cathepsin B.
Cysteine proteases of the papain family generally exhibit broad P1 specificity. A notable exception is papaya proteinase IV (PPIV), which only accepts Gly at this position. In all other cysteine proteases the S1 subsite residues 23 and 65 (papain numbering) are absolutely conserved as Gly, while in PPIV they are replaced by Glu and Arg, respectively. These differences appear to underlie both PPIV specificity and its resistance to inhibition by cystatins. To test this hypothesis, the equivalent residues (Gly27 and Gly73) in the mammalian cysteine protease cathepsin B were changed to Glu and Arg, respectively. Relative to the wild-type enzyme, the Gly27Glu and Gly73Arg mutants showed a drastic reduction in activity with substrates containing a P1 Arg. In contrast, substrates having a Gly residue in P1 were hydrolyzed effectively. The double mutant (Gly27Glu:Gly73Arg) exhibited no detectable activity against any substrate studied. Inhibition of the Gly73Arg mutant by E-64 [1-(L-trans-epoxysuccinyl-L-leucylamino)-4-guanidinobutane] was found to be similar to that of the wild-type enzyme. In contrast, inhibition by cystatin C exhibited a 20,000-fold reduction. These results demonstrate the dramatic influence of side chains at sequence locations 27 and 73 on the S1 subsite specificity of cysteine proteases.